The most frequently used method for myocardial r e v e t i o n today is by direct arterial implantation into the heart in conjunction with use of a free omental graft. The question that is raised is whether the pedicled omentum might not be a greater s o m e of extra-cardiac blood than that supplied by the free omenlal graft. The intact omentnm has been used in the past, but never received clinical acceptance apparently because of fear of causing postoperative gastric discomfort. Recent work on the technique of omental tmmposition now makes this likelihood quite remote. The pedicled omentum would appear to be superior to the free omeutnm for pqxwm of my* cardial rev-n.
M o r e than half a million Americans die yearly from coronary artery disease. At the present time, there is no preventive approach to this problem and, until that time occurs, efforts will continue to be directed toward increasing the blood supply to the ischemic myocardium. The most common technique for myocardial revascularization is the Vineberg procedure of implanting the internal mammary artery into the myocardium. The purpose of this paper is to question whether Vineberg's use of the free omentum as a supplement to his arterial implantation technique, is preferable to using the intact pedicled omentum.
More than a quarter of a century has passed since myocardial revascularization was attempted by using the intact omentum. O'Shaughnessy,' in 1936, first advocated bringing the pedicled omentum through the left diaphragm as a source of extracardiac blood to the myocardium. The omentum was sutured to the myocardium which had been exposed by making a window in the pericardium. O'Shaughnessy2 then demonstrated by dye studies that connections did develop between the coronary and omental vessels. These observations subsequently have been confirmed by ~t h e r s .~ One of the major deficiencies in O'Shaugnessy's operation was that no effort was made to lengthen sufficiently the omentum so that the structure could be delivered through the diaphragm without tension. This lack of adequate length prevented the complete envelopment of the heart by omentum. In spite of this drawback, initial clinical reports by O'Shaughnessy and others4 were encouraging. Unfortunately, the driving force behind the concept of the intact omentum as an extracardiac source of blood, ended with O'Shaughnessy's untimely death in 1940 of a chest wound sustained while fighting with the British army in France.
In 1946, Dr. Arthur M. Vineberg6 of Montreal devised a technique whereby a bleeding systemic artery was implanted into the myocardium for the purpose of increasing blood flow to the heart. The idea that a bleeding artery could be placed within a myocardial tunnel without causing a hematoma and without producing intravascular clotting was generally disbelieved by the medical community. It remained for Sonesa to prove, by selective coronary angiography, that Vineberg's claim of long-term patency in implanted vessels was correct.
Vineberg, in his continuing search for the ideal method of myocardial revascularization, has added additional maneuvers to his implantation procedure.
DIS. CHEST, VOL. 54, NO. 6, DECEMBER 1968
One of the supplementary methods he strongly advocates is enveloping the myocardium with free omenturn.? Vineberga postulates that the free omenturn, deprived of its own blood supply, reaches out in all directions to obtain blood necessary for its survival. There does not seem to be any huestion that a bloodless omental graft must rely upon contiguous structures for its nutrition. However, the stimulus for the necessary collateral circulation that develops between the free omentum and the myocardium depends upon the blood pressure gradient between the two struct~res.~ The higher hydrostatic pressure of the cardiac vascular system as compared to that of the free omentum would suggest that the direction of blood flow might be from the heart into the omentum. The possibility of this occurring must make one question the advisability of placing a free omental graft on a recently infarcted myocardium, a concept which has been raised.'"
The intact rather than the detached omentum might be a better method for offering additional blood to the myocardium. Knock1* realized the importance of the intact omentum, but felt that the pedicled omentum, when placed in contact with the myocardium, revascularized only the superficial layers of the heart, in spite of possible vascular demands deep within the myocardium. Because of this situation, Knock devised an operation which she called radical cardio-omentopexy. The procedure consists of bringing the intact omentum through the diaphragm followed by the development of ten to 12 strips of vascularized omentum. These intact omental strips are then implanted into the myocardium of the left ventricle.
Radical cardio-omentopexy has been performed on dogs who subsequently had their coronary arteries challenged with ameroid constrictors.12 The procedure resulted in statistically significant differences in mortality as compared to other techniques for myocardial revascularization including the Vineberg sponge procedure.
A recent publication by Vineberg18 indicated his deepening interest in increasing the systemic blood supply to the free omentum. He accomplished this by bringing blood from the subclavian arteries through free omental strips which had been implanted into the wall of both ventricles in dogs. This technique of a vascularized omental implant has the subclavian arteries as the major blood source to the free omentum as compared to Knock's method in which the gastroepiploic artery supplies the intact omentum.
OBSERVATIONS Animal
During the past several years, the author has been studying possible clinical uses of the omentum. These efforts included attempts at bringing the omentum into the chest of dogs for protection of esophageal defects1' as well as for possible myocardial revascularization. This was done by detaching the omentum from the spleen and from a large portion of the greater curvature of the stomach. A thoracotomy was then performed, and a one to twoinch opening was made in the left diaphragm. The previously lengthened omentum was then brought up through the diaphragm to the level of the heart. The pericardium was opened and the epicardium removed by gentle abrasion with very fine sand paper to insure the development of adhesions between the omentum and the myocardium. After epicardiectomy, the intad omentum was completely wrapped around the heart. Postoperatively, the dogs exhibited no apparent distress from the operation. Postmortem examinations on the animals sacrificed at various lengths of time demonstrated there was no distortion of the stomach because of omental traction. Vascular connections which had developed between the omentum and the heart were demonstrated by injecting methylene blue or fluorescein into the gastroepiploic artery supplying the omental pedicle.
The demonstration of vascular connections does not indicate the direction of the blood flow passing through these connections. The question that must be answered when one uses the omentum for revascularization is whether blood is carried through the omental arteries and distributed to the tissues surrounding the implanted omentum. Angiographic and radioisotopic techniques in our laboratory were carried out in order to learn this information. 16 The omentum in dogs was maximally lengthened prior to its placement in the leg. Several months later, laparotomy was performed, and the gastroepiploic artery supplying the omental pedicle was isolated and injected with 20 ml sodium diatrizoate (Hypaque). Even though the resulting angiogram demonstrated contrast material throughout the omentum, the presence of contrast material in the omental arteries gives no information as to the final destination of the vascular flow. Blood might have gone down an omental artery and returned via an omental vein without having been distributed into the surrounding areas.
In order to learn whether the omental arterial supply was being distributed into the tissues surrounding the omentum, two small catheters were o laced in the inferior vena cava and threaded down
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to an equal level in each of the common iliac veins. Twenty microcuries of radioactive iodinated serum albumin (RISA) was injected into the gastroepiploic artery supplying the intact omentum which had been implanted in the leg. Marked radioactivity was quickly recorded in the iliac vein sample from the leg in which the omentum had been placed. However, the contralateral iliac blood sample showed a delayed and much reduced level of isotopic activity. Had the isotopic activity from the RISA been detected simultaneously and with the same degree of activity in each of the iliac blood samples, it would have suggested general venous mixing of the isotope following its return via the omental veins. The intense and early spiking of radioactivity noted from the iliac vein from the leg in which the omentum had been implanted indicated that blood flowed through the omentum, then into the deep structures of the leg before exiting through normal venous routes.
From the foregoing experiments three conclusions regarding the dog's omentum seem indicated: (1) it can be mobilized for long distances without apparent gastric distress; (2) it can carry a source of blood to distant areas; and (3) it can distribute this blood into contiguous areas. There appears to be no reason why the same omental functions are not present in man.
Human
If the human heart were to be completely enveloped by an intact omentum for purposes of myocardial revascularization, significant length of the omentum would be necessary. The first clinical application in which the omentum was implanted at a great distance from its normal position was in the treatment of chronic lymphedema of the extremity.'% Since these initial procedures, a total of 12 patients with lymphedema of an extremity have had their omentum implanted into the affected limb as far as the knee or elbow and, occasionally, even distal to these j~i n t s .~~J~ The omental transposition has resulted in no postoperative gastric complaint with a follow-up period of over two years. This lack of gastric sensation is even more striking when one considers the marked range of motion of a limb into which the omentum has been implanted.
These animal and human studies have been described simply to indicate that a great volume of intact omentum can be mobilized to the heart without fear of gastric distress. The relatively short distance between the heart and the omentum should allow easy placement of the intact omentum within the pericardial sac. There appears to be little likelihood of gastric discomfort arising from omental irnplantation on the relatively stable and immobile heart.
D~s c u s s~o~
Wrapping the myocardium with a pedicled omental graft insures an intact high pressure vascular system that requires no searching for additional blood for omental viability as is necessary with a free omental graft. This fact raises the question as to why the intact omentum has not been used more frequently in man. The idea of the intact omentum did not escape Vineberg who considered its use several years ago. He employed the pedicled omentum on two patients, but later stated that, "the gastric symptoms which followed were worse than the anginal pain I sought to relieve."l9
The main objection to using the intact omentum for purposes of myocardial revascularization has not been due to any apparent physiologic contraindications, but rather to fear of causing postoperative gastric discomfort. Recent work with omental transposition makes this likelihood quite remote.
The ability of the omentum to respond to the ischemic needs of any organ is well known. Using the pedicled omentum as a supplemental step during myocardial implantation of extracardiac vessels may increase the volume of blood being offered the heart as compared to that amount supplied through a free omental graft. It is conceivable that the intact omentum might be used as the sole method for treating suitable young patients with coronary artery disease who do not fall within the narrow surgical indications that presently exist for this condition.
The pedicled omentum appears superior to the free omentum for purposes of myocardial revascularization. The purpose of this paper has been to bring this possibility into focus. 
